Observations of the intensity of the solar continuum in the wavelength region 1450-1950 Â are reported. Measurements of fluxes were made on the disk and across the limb and have been compared with those predicted by the Bilderberg Continuum Atmosphere and the Harvard Smithsonian Reference Atmosphere. A large discrepancy between the observed fluxes and those predicted by the models is found for the region where A>i7ooÂ, as reported by other authors. The origin of the continuum (i.e. the photosphere, region of the temperature minimum or chromosphere) as a function of wavelength is deduced from the observed limb-brightening or limbdarkening. There is evidence that continuum emission from material with brightness temperatures less than about 5000 K extends further beyond the limb than predicted by the spherically symmetric homogeneous models.
I. INTRODUCTION
The solar continuum emission between 1450 Â and 1950 Â has been observed quite extensively both at the centre of the disk and to within 7 arcsec of the limb (Tousey et al. 1964; Bonnet 1968; Widing, Purcell & Sandlin 1970; Parkinson & Reeves 1969; Carver et al. 1972; Brueckner & Moe 1971) . This region of the solar continuum is of interest because it includes radiation from the photosphere, the low chromosphere and probably from the region of the temperature minimum between the photosphere and chromosphere. It also contains the photo-ionization edges of Si 1 at 1520 Â and 1680 Â. Any model of the region of the temperature minimum and low chromosphere must fit both absolute intensity observations made at the centre of the disk and also the observed disk to limb variations.
Observations of the spectral region 1450-1950 Â were made during rocket flights in 1969 {Skylark SL 606) and 1971 {Skylark SL 902). The main purpose of these flights was to determine the limb to disk intensity ratios of the emission lines, and analyses of these data have been published (Burton et al. 1971 (Burton et al. ,1973b . Although the relative calibration of limb and disk line intensities for a given wavelength was ^ ± 25 per cent, the absolute calibration was of lower accuracy (see Section 2 and 3). However, the data include continuum measurements made both on the disk and just above the limb and it is of interest to compare these results with the previous observations. In spite of their limited absolute accuracy the limb/disk ratios should be of value in checking models against the observations since, in particular, they show evidence of the inhomogeneous structure of the chromosphere.
DATA
The spectroscopic equipment used has been described in previous publications (Burton et al. 1967 (Burton et al. , 1971 Burton, Hatter & Ridgeley 1973a) . On the SL 606 flight the disk observations were made with a slit parallel to the equator at a position 5 arcmin inside the limb, and the limb observations were made at the south polar limb, with the lower slit jaw set parallel to the limb and at 4 arcsec above the limb. On SL 902 the corresponding positions were disk, 5 arcmin inside the north polar limb; limb, 2 arcsec above the limb. Although the slit is set above the limb, degradation of the image by optical aberrations causes emission from up to 10 arcsec inside the limb to enter the slit. The slit widths were 8 arcsec on each flight, and the slit lengths were 6*4 arcmin. The exposure times were 30 s and 8 s for the two disk exposures on SL 606, and 60 s and 15 s for the two disk exposures on SL 902. The limb exposures were nos and 95 s on SL 606 and SL 902 respectively. The wavelength resolution was 0*4 Â on both flights.
The calibration of the experiments was carried out using standard detectors calibrated against ionization chambers as absolute standards (Burton et ah 1968, I 973 a )* For the SL 606 flight the optical components were calibrated individually but for the SL 902 flight the experiment was calibrated as a complete unit. As has been pointed out in an earlier publication (Burton et ah 1973b) the instrumental efficiency of the SL 902 instrument deteriorated during the flight and prevented good absolute intensity measurements.
It is difficult to reduce visible stray light to an acceptable level when looking at the disk using a simple normal incidence spectrograph, and complete elimination of stray light was not achieved. Previous experience has shown that the visible region continuum produces a stray light spectrum focused in the same way as the genuine ultraviolet spectrum and with uniform density along the film. This stray light continuum was allowed for by assuming the continuum level below 1400 Â (where it reaches uniform minimum density on the film) was due entirely to stray light, and subtracting this continuum level at all wavelengths. At 1950 Â this correction was negligible compared to the ultraviolet continuum level but at The SL 606 and SL902 data were obtained at heights greater than 160 km and 210 km respectively, and no corrections for atmospheric absorption were necessary. As standard procedure the payloads were evacuated and flushed with pure nitrogen prior to launch. Fig. i shows the absolute continuum intensities from disk exposures on the two flights. In each case the results from the two exposures made have been averaged. The blackbody curves for temperatures between 4300 K and 5000 K are also shown. Fig. 2 shows a comparison between the present data and earlier observations by Brueckner & Moe (1971) , Parkinson & Reeves (1969), and Carver et al. (1972) . Fig. 3 shows the total fluxes observed through the slits when set at the limb, normalized to correspond to the area of the whole disk. These cannot be used to give true limb/disk ratios unless the height of the emitting region is known. Fig. i shows that the SL 902 intensities are systematically lower than the SL606 values, by an average factor of 1-7 over the range 1500-1950 Â. This discrepancy is consistent with the deterioration of the SL 902 optics reported by Burton et al. (1973b) . For the region of lowest temperature (1550-1650 Â) the SL 606 data gives a brightness temperature T\> = 4450 Â. The comparisons made in Fig. 2 show that this value is between the temperature of 4650 K obtained by Brueckner & Moe (1971) and that of 4350 Â obtained by Parkinson & Reeves (1969) . Also shown in Fig. 2 are the ion-chamber measurements obtained by Carver et al. (1972) . These are whole-Sun measurements made on the WRESAT I satellite. The SL 606 absolute intensities are expected to be accurate to within a factor of two. At shorter wavelengths (A< 1500 Â) the SL 606 line intensities are on average a factor of 2 smaller than those obtained by Hall & Hinteregger (1970) . At longer wavelengths the only comparison available was with the line intensities of Tousey et al. (1965) , and it was found that the SL 606 line intensities were about a factor of 3 lower than these values. Thus there is on average a difference of about a factor of 2*5 between the present intensities and those derived by the groups at the Naval Research Laboratories (Brueckner & Moe 1971 ; Tousey et al. 1964) . Fig. 2 also shows that this difference is wavelength dependent varying from a factor of 5 at 1500 Â to 1 at 1850 Â. Over wavelength intervals of 50 Â this amounts to an uncertainty of only 25 per cent in the slope of the continuum.
COMPARISON WITH PREVIOUS DATA
The SL 606 and SL 902 disk data are similar in wavelength dependence to the Harvard data (Parkinson & Reeves). They are different from the NRL data in two respects; in the present data the Si 1 ( 3 P) emission edge at 1525 Â is not apparent, but the Si i (ID) absorption edge at 1682 Â is clearly seen. The continuum level in Fig. 1 is that between the absorption lines for À > 1700 Â. However, the dips shown at wavelengths of 1712 Â, 1729 Â, 1775 Â and 1811 Â are due to CO bands (Goldberg, Parkinson & Reeves 1965; Porter, Tilford & Widing 1967) , and the dips at 1932 Â and 1936 Â are due to well-known A11 auto-ionization lines. The dip at 1850 Â is made up of several strong Si 1 lines and a fainter broad component, which may be due to blends of several weak lines. The dips in continuum level which are clearly associated with CO bands and broad features such as the A11 lines are ignored in Fig. 2 . Fig. 3 shows the observed Ximb fluxes normalized to correspond to the area of the whole disk rather than the slit area. It also shows the intensity data obtained, for a region 7 arcsec inside the limb, by Brueckner & Moe. These data are not directly comparable (see Section 4). However, the three sets of data show similar characteristics; the Si I ( 3 P) emission edge is enhanced, compared with the disk by No. 3) !974 Solar limb and disk continuum intensities a factor of about 2 ; the Si 1 ( 1 Z)) edge is weak and there is a suggestion of it being an emission edge rather than an absorption edge. The dip in the continuum at ~ 1850 Â appears in both the SL 606 and SL 902 limb spectra although no absorption lines appear in the SL 606 spectrum until À > 1950 Â. In the SL 902 spectrum, which was obtained slightly closer to the visible limb than was the SL 606 spectrum, the Si I absorption lines are still apparent at ~ 1850 Â. The change in the line and continuum intensities in this region will be discussed in more detail in Section 4.
LIMB AND DISK RATIOS
The method of analysing limb to disk ratios of optically thick emission lines, developed in previous papers (Burton et ah 1971 (Burton et ah , 1973b can be extended to the continuum measurements. The positions of the slit relative to the solar disk are given in Section 2. For a layer of uniform intensity the limb to disk ratio is given by the relative areas of the emitting regions included within the slit. This is
Where R is the solar radius, Ax is the slit width, h is the projected height above the limb, h is the height of the top of the layer,/(ae -#0) is the slit function, known from laboratory measurements and xq is the centre of this distribution. Hence if the emitting layer is not of uniform intensity there are two unknown quantities, the height of the emitting region, A, and the limb brightening (or darkening) factor, <£, and one must be assumed to find the other. Table I gives the limb to disk flux ratios. These are the ratios of the fluxes passing through the slit, and since the limb slit is not filled these are not conventional limb to disk intensity ratios. They must be used in conjunction with the slit functions given in Burton et al. (1971 Burton et al. ( , 1973b to give h and <f). Table I ). By 1525 Â the emission exceeds the limit obtained with the whole slit filled and hence limb-brightening must be occurring at A < 1525 Â. The limb and disk ratios of optically thin emission lines lead to an average height of 1700 ±700 km for the chromosphere-corona transition region (Burton et ah 1973b) . Hence it might be expected that the continuum emission, which on the disk originates from regions with 4300 K< 7\)< 5100 K is formed at A <1700 km. On the other hand emission from optically thick lines formed at electron temperatures of T e ~ io 4 K is seen to heights of about 8000 km above the limb, and presumably originates from spicules. Table II gives the values of The shape of the limb continuum and the presence or absence of absorption lines can be used to determine whether limb brightening or darkening is occurring. In the disk spectra Si 1 absorption lines are seen down to wavelengths of ~ 1700 Â, and the continuum originates from below the temperature minimum. In the SL 606 limb data the Si 1 absorption lines do not appear until A^igSoÂ; in SL902 for which the slit was set nearer to the limb, this limit is A>i85oÂ. However, Si 1 emission lines do not appear in either spectrum until A^ i766Â. Thus, the continuum from about 1800 Â to 1950 Â, which on the disk originates from below the region of temperature minimum, on the limb must originate from close to the temperature minimum. Thus limb darkening should occur and from Table II it can be seen that limb darkening occurs until 1800 Â; this implies A > 2000 km (SL 606) and A > 3000 km (SL 902). If it is assumed that on the limb the centres of the Si 1 absorption lines at 1850 Â originate at the minimum temperature of 4400 K, then the change in the continuum level from disk to limb at 1850 Â can be found. In the SL 606 data the Si 1 lines are absent either in emission or absorption and the centres of the lines are taken at the same level as the continuum. The limb darkening factors found, 47 (SL 606) and 2*1 (SL 902), can be used to say that the height of the continuum emission at 1850 Â is ^3500 km (from SL 606 or ^ 5000 km (from SL 902). Below 1750 Â the absence of absorption lines shows No. 3, 1974 Solar limb and disk continuum intensities 539 that the limb continuum between 1700 Â and 1800 Â originates at or above the temperature minimum. Thus 1 by 1700 Â, A <3500 km (SL 606) or 3000 km (SL 902).
Between 1650 Â and 1750 Â there is no evidence of the Si 1 ( 1 Z)) edge in absorption. Some structure between 1670 Â and 1700 Â is apparent but is more consistent with the presence of the Si I (kD) edge in emission. Thus the limb emission below 1700 Â does not originate from the region of the temperature minimum, but above it, and furthermore will originate from a higher temperature region than does the emission at A> 1700 Â. The strong Si 1 ( 3 P) edge apparent in emission at 1525 Â indicates that at Ac 1525 Â the continuum originates from regions of higher temperature than the continuum at A>i525 Â. Since the continuum at ^iÓ5oÁ is itself limbbrightened the emission at 1525 Â must be limb-brightened by at least the factor of 4 (SL 606) or 5 (SL 902) observed from the relative increase. This limits the height where the emission is formed to A < 5000 km (SL 606) and <2000 km (SL 902). The limits on the heights at which the continuum in each wavelength region are formed are not completely self-consistent, but taking into account the quoted uncertainty in the relative intensities the observations suggest that material with brightness temperatures in the range 4400 K< Td< 5000 K is present at heights between 2000 and 5000 km above the visible limb. The stigmatic spectra obtained by Tousey et al. (1964) support the conclusions drawn above from the SL 606 and SL 902 data. Although the spatial resolution is limited to about 10 arcsec at the limb, Tousey et al. conclude that their data show the continuum to be limb-darkened down to 1800 Â, perhaps even to 1700 Â. They also observe little or no limb darkening between 1700 Â and 1525 Â, but clear limb-brightening below 1525 Â.
COMPARISON WITH MODELS
The observed continuum distribution can be compared with the distribution predicted by models of the solar atmosphere. Fig. 4 shows the continuum predicted by the Bilderberg Continuum Atmosphere (BCA) (Gingerich & de Jager 1968) and the Harvard Smithsonian Reference Atmosphere (HSRA) (Gingerich et al. 1971) for the centre of the disk and near the limb (cos 0 = o-oi for BCA and o-io for HSRA).
A comparison of Figs 2 and 4 shows that neither the BCA or HSRA successfully reproduces the disk continuum level at all wavelengths. The HSRA gives reasonable agreement from 1525 Â to 1670 Â but predicts the Si 1 emission edge at 1525 Â to be stronger than observed. The BCA minimum temperature is higher than that observed but the magnitude of the Si 1 emission edge is in quite good agreement. However, both models predict an absorption edge at 1680 Â which is at least an order of magnitude larger than that observed. This problem has been discussed extensively in the literature in connection with the existence of a ' missing opacity' at A>i7ooÂ (e.g. Gingerich & Rich 1968; Cuny 1971; Bonnet 1968; Noyes I97 1 )* By contrast the HSRA model for cos 6 -o-io reproduces the SL 606 limb observations quite well. The Si 1 emission at 1520 Â is predicted to have an intensity change of a factor of 5*6, in good agreement with the observed factors of at least 4 or 5. The Si 1 edge at 1670 Â does not appear in absorption, and may appear in emission as predicted. If the SL 606 data are normalized to the HSRA Vol. 168 540 C. Jordan and A. Ridgeley at À< 1525 Â the main difference between the model and observations is in the level of the continuum for A> 1700 Â. The observed continuum level lies up to 100 K below the model indicating this region is still more opaque than the model predicts. However, the large reduction in the discrepancy indicates that at 1750 Â the missing opacity is effective only in the photosphere in the region where 4600 K > 7b > 4400 K. Finally, the limb to disk ratios suggest that the continuum is formed in the height range 2000-5000 km. In the HSRA model the temperature region from 4400 to 5000 K extends over heights from 606 to 758 km. The heights from the limb to disk ratios will be averages and the large height found can be taken as evidence of the inhomogeneous structure of the low chromosphere. The average height of the transition region recorded from the optically thin lines was 1700 km. Thus some inhomogeneities giving rise to the continuum emission are extending 1000 km or so beyond the average transition region.
The heights from the continuum data are however lower than the average height of 8100 km deduced from Ha spicule data (Beckers 1968) . Thus the cool material with 7b< 5000 K does not extend as far as does the spicular material which has r e ^ 10 000 K.
Inhomogeneous models for this region of the atmosphere have been suggested in order to explain the millimetre and sub-millimetre continuum observations (Beckman, Clark & Ross 1973; Lantos & Kundu 1972) , and also to explain the Lyman continuum centre to limb variations (Vernazza & Noyes 1972) .
CONCLUSIONS
The recent observations made above the solar limb and on the disk show that (a) for A<1525 Â there is strong limb-brightening; No. 3, 1974 Solar limb and disk continuum intensities 541 (b) for 1525 Â< Ac 1700 Â limb-brightening does occur, thus the limb emission at least does not originate in the region of the temperature minimum; (c) for A> 1750 Â, limb-darkening occurs because in this region the emission has a lower radiation temperature than the photospheric disk emission.
The Si i ( 3 P) emission edge is stronger at the limb than on the disk by at least a factor of four. The Si 1 ( 1 Z)) edge on the disk appears in absorption with an intensity change of about a factor of two, which is at least an order of magnitude weaker than predicted by current models. On the limb the absorption edge is absent but the edge may be present weakly in emission, as predicted by the HSRA. The continuum emission from regions of low temperature extends beyond the limb further than expected on spherically symmetric homogeneous models.
